Aim: The aim of this study was to examine the safety and efficacy of endoscopic submucosal dissection (ESD) for early gastric cancer based on approximately 10 years' experience. Methods: Endoscopic submucosal dissection was performed in 1272 patients with early gastric cancer (1657 lesions). We examined en bloc resection rate, curative resection rate, local recurrence rate, procedure time, and complications. Results: The overall en bloc resection rate was 98.6% for all lesions treated by ESD. The median procedure time of the operation was 54.3 minutes (range 5 -632 min). The incidence of positive horizontal and vertical margins was 3.8% and 4.0%, respectively. The incidence was 2.5% each for perforation and postoperative bleeding. There were no deaths related to ESD. Local recurrence was observed in 10 lesions (0.06%). Conclusion: Since the procedure time and incidence of complications have been reduced, endoscopic submucosal dissection has been considered a standard treatment for early gastric cancer.
Introduction
More than 10 years ago, endoscopic submucosal dissection (ESD) was introduced as an endoscopic treatment for gastrointestinal intraepithelial neoplasia. There were initial concerns regarding its potential complications and long procedure time, but these problems have since been resolved [1, 2] . ESD has been shown to be an effective treatment for cancers of the esophagus, stomach, and colon.
Endoscopic mucosal resection (EMR) has been widely used as an endoscopic treatment for gastric cancer since the 1990s. Its disadvantages included a high incidence of piecemeal resection and local recurrence. It was thought to be possible to expand the indications for endoscopic treatment based on the lymph node metastatic rates. However, en bloc resection of larger lesions required special skills. An IT knife (insulation-tipped diathermy knife), hook knife, and flex knife were developed for the en bloc resection of larger lesions, thus resulting in the widespread use of ESD.
The en bloc resection rate is very high for ESD. In addition, it has been reported to have better short-term outcomes [3] [4] [5] [6] compared with EMR [7] . However, outcomes of ESD from a few experienced endoscopists are not sufficient to establish ESD as a standard treatment. Since our institution is a university hospital, new practitioners are trained every year to perform ESD. ESD was introduced to our institution 10 years ago, and there are more than 20 practitioners who have performed this procedure. In addition, the total number of treated lesions has exceeded 1500. We believe that it is valuable to analyze therapeutic outcomes obtained from such a large number of lesions and over a long period of 10 years. We examined the outcomes of ESD as a treatment for early gastric cancer, and herein describe its usefulness, and the clinical outcomes and complications.
Patients and Methods

Patients
ESD was performed in 1272 patients (1657 lesions) for early gastric cancer between June 2002 and March 2012 at our institution. There were 913 males and 359 females with a mean age of 70.6 years (SD ± 8.6). ESD was performed on lesions satisfying the expanded indications reported by Gotoda et al. [8] and those in the Japanese gastric cancer treatment guidelines [9] provided by the Japanese Gastric Cancer Association. The patients included those who strongly desired endoscopic treatment and those in a high risk group for general anesthesia due to decreased cardiovascular function. In our department, the indications for endoscopic treatment for early gastric cancer include: differentiated gastric cancer (well and moderately differentiated adenocarcinoma and papillary adenocarcinoma) and mucosal cancer without ulcer findings, irrespective of the tumor size, mucosal cancer with ulcer findings <30 mm in diameter, and minute (<500 μm from the muscularis mucosae) submucosal invasive cancer <30 mm in size or undifferentiated adenocarcinoma (poorly differentiated adenocarcinoma or signetring-cell carcinoma) and mucosal cancer without ulcer findings <20 mm in diameter ( Table 1) . The following were excluded based on an analysis related to the follow-up: patients with lesions outside the indications, patients with gastric remnants, patients with gastric tubes and metachronous lesions. Written informed consent was obtained from all patients before ESD.
The ESD Procedure
Before ESD, magnifying endoscopy with narrow band imaging (NBI) was performed as a preoperative examination. If lesions had ill-defined margins, biopsy samples were taken from the surrounding tissues to determine the areas negative for cancer. If the extent of a lesion was well-defined by magnifying endoscopy, the extent on the day of ESD was determined using white-light endoscopy and chromoendoscopy with indigo-carmine solution. A circumferential marking was made 5 mm from the outer margin of the lesion using a flex knife [10] (KD-630L, Olympus, Tokyo, Japan) or dual knife (KD-650Q, Olympus, Tokyo, Japan). A local submucosal injection was performed using a mixture of glycerol and sodium hyaluronic acid [11] and a 25-gauge injection needle. An initial incision was made outside of the marking dots using a flex knife or dual knife. An IT knife [12, 13] (KD-610L or KD-611L, Olympus, Tokyo, Japan) was inserted into the initial incision to make a mucosal incision, and the submucosal dissection was also performed using the IT knife. For sites with marked fibrosis, a dual knife, hook knife [14] (KD-620QR, Olympus, Tokyo, Japan), and SB knife junior type (MD-47703, SUMI-TOMO BAKELITE Co., Japan) were useful. An ICC200 or VIO 300D (ERBE Co., Tubingen, Germany) was used as a high frequency generator.
All patients were sedated by venous injection of 0.1 -0.2 mg/kg of midazolam and 15 mg of pentazocine. If they were still alert or complained of any pain, then the doses were increased accordingly. Their vital signs were monitored carefully during the examination using a pulse oximeter, sphygmomanometer, and ECG monitor.
The procedure time was defined as the time from the completion of marking to the removal of the scope. Perforation was diagnosed endoscopically, or by the presence of free air on a plain abdominal radiograph or a computed tomography image. Postoperative bleeding was discovered by the presence of hematemesis, tarry stool, or a decreased hemoglobin level after all ESD procedures were completed and the endoscope was removed.
Histopathological Evaluation
The tumor site was divided categorized into one of three equal parts from the lesser to the greater curvature of the stomach. From proximal to distal, the areas were divided into the upper (U), middle (M), and lower (L). Macroscopically, the classifications were elevated, and depressed or flat. The resected specimen was observed under a stereomicroscope and subsequently cut into 2 mm pieces. The histology was classified into differentiated adenocarcinoma (well and moderately differentiated ade- Table 1 . Indicated for ESD.
Guideline criteria
Differentiated-type adenocarcinoma without ulceration, of which the depth of invasion is clinically diagnosis as mucosal cancer (M) and the diameter is ≦20 mm.
Tumor size >20 mm, histologically of differentiated type, SM1: ≦500 micron from the muscularis mucosae.
nocarcinoma and papillary adenocarcinoma) or undifferentiated adenocarcinoma (poorly differentiated adenocarcinoma or signet-ring-cell carcinoma). The tumor size, depth of invasion, presence of ulcerative findings, lymphatic and vascular involvement, and tumor involvement in the horizontal and vertical margins were assessed.
Definition of Curative Resection
All piecemeal resection cases were established as cases with non-curative resection. If an incision was made into the specimen, the case was established as a non-curative resection case if the incision was made into the lesion. The case was considered to satisfy the criteria for curative resection if 1) an en bloc resection was performed, 2) histological indications and expanded indications were satisfied, 3) the horizontal margin was 1 mm or more, and there were at least 10 glandular ducts, 4) there were no cancer cells in the vertical margin in the deepest part of the resected specimen and no lymphatic or vascular involvement. If a lesion had mixed histology, its histological type was determined using the predominant histological type for each area [15].
Follow-Up Schedule
In all patients, endoscopy was performed to examine the post-resection ulcer one month after ESD. If patients had a Helicobacter pylori infection, its eradication was performed. Thereafter, an endoscopic examination was performed once a year, if the patients had lesions satisfying the indications for ESD in the aforementioned guidelines (guideline lesions) and if they had undergone curative resection. In cases of mucosal cancer, an endoscopic examination was performed six months later and one year later, if the patients had positive horizontal margins and had lesions satisfying the expanded indications (expanded-indication lesions). If local recurrence was not observed, endoscopy was performed once a year thereafter. The patients with expanded-indication lesions also underwent periodic abdominal ultrasound and abdominal CT examinations. If patients were followed up outside of our institution, we conducted an annual questionnaire survey of their primary care physicians. If the patients had not made hospital visits, they were contacted at their homes to confirm that they were alive and to encourage that they undergo examination.
Statistical Analysis
The significance of the differences in patient characteristics and clinicopathological features was determined using the χ 2 test, or Student's t-test, as appropriate. A value of p < 0.05 was considered to be statistically significant.
Results
Clinicopathological Features
ESD was performed for gastric cancer in 1272 patients (1657 lesions) ( Table 2 ). The location of the tumor was the U area in 234 lesions, the M area in 725 lesions, the L area in 659 lesions, the gastric remnant in 35 lesions, and the gastric tube in 4 lesions. Macroscopically, 885 lesions were elevated-type tumors and 772 lesions were depressed or flat-type tumors. The predominant histopathological type after resection was well-differentiated adenocarcinoma in 1459 lesions, moderately-differentiated adenocarcinoma in 137 lesions, papillary adenocarcinoma in 30 lesions, and poorly-differentiated adenocarcinoma or signet-ring-cell carcinoma in 31 lesions. When the depth of invasion was examined, 1477 lesions were mucosal cancer, 74 lesions were SM1 tumors (<500 μm from muscularis mucosae), 105 lesions were SM2 or deeper tumors, and 1 lesion was undiagnosable due to thermal degeneration. The final pathological diagnosis, including that of lymphatic and vascular involvement, was within the guideline criteria in 1082 lesions, was within the expanded indications in 398 lesions, and was outside the indications for endoscopic treatment in 177 lesions.
Resectability and Curability of ESD
The overall en bloc resection rate was 98.6% (Table 3) for all lesions treated with ESD. The median procedure time was 54.3 minutes (range 5 -632 min). The incidence rates of positive horizontal and vertical margins were 3.8% and 4.0%, respectively, and these values included cases with undeterminable margins. Table 4 shows the clinical outcomes of the guideline lesions and expanded-indication lesions. The en bloc resection rate was 99.4% for the guideline lesions, 97.4% for the expanded-indication lesions without ulcers (expand, UL−), and 98.9% for the expanded-indication lesions with ulcers (expand, UL+). The curative resection rate was 97.3% for the guideline lesions, 82.0% for the expanded-indication lesions without ulcers (expand, UL−), and 88.2% for the expanded-indication lesions with ulcers (expand, UL+). The rate was significantly lower for the expanded-indication lesions compared with the guideline lesions (p < 0.001). The procedure time was significantly longer for the expanded-indication lesions compared with the guideline lesions (p < 0.001). The horizontal margin was positive in 7.5% of the expanded-indication (expand, UL−) lesions, i.e., lesions 20 mm or larger. As the lesion increased in size, the number of patients increased in whom the diagnosis of the extent of invasion was difficult, affecting the curative resection rate. There were 28 patients with non-curative resection of guideline lesions. During the post-treatment follow up (Figure 1) , one of these patients underwent surgical treatment. There were 60 patients with non-curative resection of expanded-indication lesions. One of these patients underwent surgical treatment.
Local Recurrence
There was local recurrence in 10 lesions (0.06%). All these cases had recurrence after non-curative resection.
When ESD was performed again, 8 patients had curative resection. The remaining 2 patients had another recurrence and underwent surgery, but no lymph node metastasis was observed.
Complications
Among all patients, the incidence was 2.5% each for perforation and postoperative bleeding. There were no deaths related to the ESD procedure. For the guideline lesions, the incidence was 1.6% for perforation, and there were no cases that required surgical treatment. The incidence was also 1.8% for postoperative bleeding. For the expanded-indication ulcer-negative (expand, UL−) lesions, the incidence was 4.3% for perforation, and there was one surgically-treated case. The incidence was 3.9% for postoperative bleeding, and there were three patients who received blood transfusions. Surgical treatment and intervention radiology were each performed in one patient. For the expanded-indication ulcer-positive (expand, UL+) lesions, the incidence was 4.3% each for perforation and postoperative bleeding. There were no statistically significant differences in any of these complications among the patients with different types of lesions. For the expanded-indication ulcer-negative (expand, UL−) lesions, one patient had a postoperative gastric emptying disorder and underwent surgical treatment (Tables 2 and 3 ).
Discussion
EMR is a conventional method used for early gastric cancer. However, it has the disadvantages of a low en bloc resection rate and limitation of the size of lesions that can be resected. ESD has gained interest as a technique without these disadvantages and has become widely used. The problems associated with ESD are the difficulty in training physicians, long procedure time, and rate of complications. However, these problems are being resolved. These reports might have included outcomes of ESD performed by experienced endoscopists. In our institution, ESD was introduced 10 years ago and there are 20 practitioners who have performed this procedure. If good outcomes of en bloc resection rate and rate of complications can be obtained by many non-experts, then ESD can be established as a standard treatment for early gastric cancer. In our study, the overall en bloc resection rate was 98.6% for all lesions, and the rate was 99.4% for the guideline lesions. In the guideline lesions (i.e., lesions <20 mm and without ulcers), the incidence rates of complications were 1.8% and 1.6% for postoperative bleeding and perforation, respectively. Therefore, ESD can be safely used as a standard treatment for these lesions. We use step-by-step early training to maintain these levels of outcomes. 1) Biopsy and hemostatic techniques can be performed; 2) There is an understanding of ESD indications and peripheral equipment; 3) The trainee has experience as an assistant in at least 20 cases. They has subsequently been trained using resected stomachs of pigs and performs partial resection in patients with the assistance of experienced endoscopists. Oda et al. [16] also described step-by-step training which was similar to our training conditions. They stated that the turning point of the learning curve was the experience of ESD in the lower third of the stomach in at least 30 cases.
Future studies of ESD should include examination of long-term outcomes after early gastric cancer treatment. In particular, it is necessary to examine the prognosis of expanded-indication lesions, [17, 18] lesions of mixed histological type, [19] and poorly differentiated lesions [20] . In our study, we had information on the progress of 95.4% of all the subjects. No metastases related to the ESD sites were found in the cases that were followed up. There is an ongoing prospective study [21] of multiple cases at 41 institutions in Japan, and a five-year followup has been planned.
In conclusion, this study examined over 1000 cases of ESD for early gastric cancer performed at a single institution. ESD was shown to be safe and to have a good curative resection rate. These results suggest that ESD is suitable as an early gastric cancer treatment from the aspects of safety and efficacy. It can be considered a standard treatment for early gastric cancer.
